1. The ecological implications of body size extend from the biology of individual organisms 23 to ecosystem-level processes. Measuring body mass for high numbers of invertebrates can be 24 logistically challenging, making length-mass regressions useful for predicting body mass 25 with minimal effort. However, standardised sets of scaling relationships covering a large 26 range in body length, taxonomic groups, and multiple geographical regions are scarce. 27 2. We collected 6293 arthropods from 19 higher-level taxa in both temperate and tropical 28 locations to compile a comprehensive set of linear models relating live body mass to a range 29 of predictor variables. For each individual, we measured live weight (hereafter, body mass), 30 body length and width, and conducted linear regressions to predict body mass using body 31 length, body width, taxonomic group and geographic region. Additionally, we quantified 32 prediction error when using parameters from arthropods of a different geographic region. 33 3. Incorporating body width into taxon-and region-specific length-mass regressions yielded 34 the highest prediction accuracy for body mass. Using regression parameters from a different 35 geographic location increased prediction error, causing over-or underestimation of body 36 mass depending on geographical origin and whether body width was included.
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Materials and Methods
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Study sites and sampling techniques
To account for different scaling relationships in temperate versus tropical geographical 137 regions, we chose two sampling locations: one temperate location in Germany and one vegetation, open grassland areas and forest strips. Sampling sites were chosen due to their 146 proximity to the laboratory in both regions to ensure a fast and simple work flow, since 147 animals had to be kept alive after collection and living animals could not be stored for more 148 than eight hours to avoid increased body mass-loss. 149 Three standard sampling techniques were used in order to cover a broad variety of 150 arthropod taxa and to achieve a sufficient overlap of taxonomic groups from both sampling 151 regions. For active and fast moving ground animals, as well as nocturnal species, live pitfall 152 traps (diameter of 11 cm and height of 12 cm) were used within forest and grassland sites. 153 Pitfall traps were closed with a funnel-shaped lid to prevent animals from escaping. Pitfall 154 traps were buried so the opening of the pitfall was flush with the surface of the ground. They 155 were installed in the morning and animals were collected after 24 hours to avoid loss of 156 individuals due to predation, drowning, or desiccation. Sweep nets were used in open 157 grassland and wayside vegetation plots to collect animals from within low vegetation, shrubs 158 and small trees to sample stationary, as well as fast-moving and flying animals. At the forest 159 sites, less mobile animals from within the litter layer were collected via leaf-litter sieving. 160 Material from the loose leaf litter (F-Layer) on top of the humus layer was collected and 161 sieved with a coarse-meshed grid (2 × 2 cm). Animals that fell through the mesh were hand-162 collected from a collecting tray and stored in individual vials for further processing. 165 Arthropods were stored in a refrigerator at 10 °C for a maximum of 8 hours after collection to 166 slow down their metabolism and reduce body mass loss. In order to maximise accuracy in 167 live body mass measurements, we conducted preliminary tests of body mass-loss following 168 live capture, comparing live to recently killed arthropods to establish whether specimens 169 should be weighed when alive or dead. As we found considerable variation in body mass 183 All statistical analyses were performed using R Version 3.4.0 (R Core Team, 2015). Prior to 184 the analysis, raw data of body length, mass and width were log10-transformed. Taxa without 185 width measurements were excluded from the main analysis. However, length-mass 186 regressions for these taxonomic groups, along with a range of regressions for higher-187 resolution taxonomic groups, were carried out separately and results are presented in the 188 Supporting Information (i.e., regressions for selected taxa based on morphology, taxonomy or 189 behaviour; Table S1 ). 190 We performed linear models to test the relationship between body mass and length where y is the prediction error of body mass, a is the predicted body mass using length-mass 209 regressions and b is observed body mass. We then assessed how prediction accuracy varied 210 across the range of body length to ascertain if there might be systematic error in body mass 211 predictions depending on arthropod body size.
Morphological measurements and data collection
Statistical analysis
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Results
214
In total, 6293 individuals from 19 arthropod higher-order taxa were collected, weighed while 215 alive, and measured for body length and width across the Indonesian and German sites 216 (hereafter, tropical and temperate geographic regions). Body length of collected arthropods 217 ranged from 0.60 mm to 68.12 mm and body mass ranged from 0.01 mg to 5108.57 mg 218 (Table 2) . As expected, we found a consistent positive scaling relationship for body mas with 219 body length across all collected arthropods. Table   231 1). According to AIC comparisons, the four models that included body width as a co-variate 232 explained more variation in body mass than models that only included body length as a 233 predictor. In contrast to the results from AIC comparisons, however, r 2values suggested that 234 the model including taxonomic group but not body width (model LTR and model LT, Table   235 1) explained marginally more variance in body mass than the model including body width but 236 not taxonomic group or geographic region (model LW, Table 1 ).
237
Finally, to test if the application of geographically-disjunct regression parameters (i.e., 238 where regression parameters obtained from one geographic region are used to predict body 239 mass of arthropods in a different geographic region) increases error in body mass predictions, 240 we calculated body mass using geographically-disjunct and geographically non-disjunct 241 regression parameters and quantified the difference from observed body mass. In general, we 242 found that the application of geographically-disjunct parameters for whole-fauna regressions . In order to make realistic predictions of these measures, 266 it is essential to have reliable body mass data of target organisms. In our dataset consisting of 267 6293 organisms spanning 19 higher order taxa from both tropical and temperate geographic 268 regions, we found an overall positive power law relationship between body mass and body 269 length across taxonomic groups and the tropical and temperate geographic regions. The only 270 exception to this universal trend was for Odonata and Neuroptera, which showed a negative 271 relationship between body mass and body length in a subset of models.
272
The slope of the relationship between body length and mass depended on taxonomic 273 group and geographic region of arthropods. Furthermore, adding body width as an additional 274 morphological predictor strongly improved body mass prediction accuracy. This is probably 275 due to certain groups where the body length-to-width ratio is considerably different to the 276 average of all taxonomic groups (e.g., Staphyilinid beetles have a higher body length-to-277 width ratio than other beetle families). Thus, using body length as the only predictor of body 278 mass is almost certainly insufficient to capture the morphological variation present within 279 taxonomic groups. Therefore, we expected that the incorporation of body width as an 280 additional predictor in our models should increase the accuracy of body mass predictions.
281
Consistent with our expectations, we found that including body width into the estimation of 282 body mass resulted in a strong improvement of prediction accuracy, in comparison to using 283 body length, alone, as a single predictor of body mass. Moreover, incorporating only body 284 width as an additional predictor yielded higher prediction accuracy than incorporating 285 taxonomic group and geographic region into the models. Body mass is related to the volume 286 of an organism, which can be described by length, width and height. Hence, adding height to 287 predict body mass could lead to more accurate body mass estimations than using only body 288 length and width. Measuring another morphological trait of an organism, however, increases 289 time needed for processing samples, presenting a trade-off between maximising prediction 290 accuracy and minimising time spent measuring traits. As more than 98 % of variance in body 291 mass was described by length, width, taxonomic group and geographic region, the benefit of 292 adding body height would unlikely outweigh the added workload. Indeed, previous studies 293 have shown that including body shape (i.e. body length and width) instead of taxonomy lead 294 to more accurate body mass estimates at the order level, but not at higher taxonomic 295 13 resolution (Gruner, 2003; Wardhaugh, 2013). Our results strongly support the finding that the 296 accuracy in predicting body mass improves with additional morphological traits in addition to 297 body length for scaling relationships conducted at the order level.
298
In addition to body width, taxonomic group and geographic origin of the arthropods 299 also influenced the relationship between body length and body mass. This is likely because impacts on ecosystem functioning rely on accurate calculations of body mass. Therefore, it is 322 essential for such studies to use length-mass regression parameters that are obtained from 323 similar geographic origins as the organisms for which body mass is being predicted.
324
Our study provides a highly comprehensive set of regression parameters for predicting body mass across a broad variety of arthropod datasets. Additionally, we provide 331 an explicit estimation of the prediction error caused by using geographically disjunct 332 regression parameters, to assist in deciding which regression parameters will be the most 333 appropriate for predicting arthropod body mass for a given dataset. In summary, our results 334 will aid future studies in accurately assessing body mass of arthropods, thus increasing our 335 ability to further explore the ecological implications of body size. 
